Objective: Convincing evidence exists for a beneficial effect of physical activity (PA) on health and well-being for elderly women. Nevertheless, many women in Germany are insufficiently physically active. Activity promotion programmes should target women in particular need. Thus, we examined subject-related determinants of PA for postmenopausal women in Germany. Design: Associations of sociodemographic, anthropometric, lifestyle and healthrelated factors with activity since the age of 50 years were assessed with multiple linear and logistic regression models, regarding overall leisure-time PA (LPA) in metabolic equivalent hours per week, engagement in sports (ever v. never), cycling (yes v. no) and walking ($3?5 v. ,3?5 h/week). Conclusions: Our results suggest potential target groups for promoting sports, cycling or walking activity. Postmenopausal women with chronic diseases may need to be stronger encouraged by their physicians to engage in adequate PA for the management of their diseases.
As in other developed countries, life expectancy continues to increase in Germany. The number of elderly Germans ($65 years) is expected to grow by about 50 % between 2007 and 2030: from 16?5 million to about 24 million (1) . Of these about 58 % are women. Correspondingly, the prevalence of several diseases and disorders will increase substantially. Yet, regular physical activity (PA) may reduce the risks of many common health problems in the elderly such as CVD and type 2 diabetes (2) , obesity, osteoporosis (3) , dementia (4) , postmenopausal breast cancer and colon cancer (5) , may maintain independent living (6) and prevent falls (7) . Despite this knowledge, a large proportion of elderly women appear to be still physically little active (8) . Activity campaigns or fitness courses apparently tend to reach the health-conscious women but not the subgroups in particular need (9) . Besides sports and exercise, day-to-day walking and cycling can contribute substantially to an active healthy lifestyle. Knowledge of the individual characteristics of women not engaging in those activities will be important to design effective specifically tailored interventions. Only a few studies have investigated activity determinants in the German population (8, 10, 11) , and none of those evaluated factors associated specifically with walking and cycling. Several studies have separately investigated demographic, lifestyle or psychosocial determinants of activity (8, 10, (12) (13) (14) (15) (16) , but few have comprehensively investigated a broad range of factors of interest simultaneously controlling for potentially confounding variables.
Thus, we examined the associations of a large number of sociodemographic, anthropometric, lifestyle and health-related individual characteristics with different PA types including sports, cycling and walking in a large, population-based sample of 6569 postmenopausal women in Germany, hereby taking potential confounding, interaction and collinearity into account.
Methods

Study population
These analyses comprised all postmenopausal female residents aged 50-75 years from a population registries-based random sample who participated as controls in a large case-control study on breast cancer (MARIE study, Mammary carcinoma Risk factor Investigation). The study was carried out in [2002] [2003] [2004] [2005] in two study regions in Germany: (i) the city and state of Hamburg in northern Germany (1?8 million inhabitants) and (ii) the Rhine-Neckar-Karlsruhe region in southern Germany (2?8 million inhabitants). Controls were randomly drawn from lists of residents provided by the population registries and frequency matched by birth year and study region to the breast cancer cases. Further details are published elsewhere (17) . The study was approved by the ethics committees of both the Universities of Heidelberg and Hamburg. All study participants gave written informed consent. A total of 7421 (43?4 %) controls participated, of whom 6657 were postmenopausal and 6569 had data on PA since the age of 50 years.
Data assessment
Each participant was interviewed once face-to-face by trained interviewers using a standardised questionnaire to elicit comprehensive information on sociodemographic, lifestyle and health-related factors. Women were defined as postmenopausal if they reported a natural menopause 12 months before the reference date, a bilateral oophorectomy or cessation of menses due to radiation or chemotherapy. Those above 55 years of age whose menopausal status was unclear because of hysterectomy or hormone use were also considered as postmenopausal but assigned an unknown age at menopause. PA was assessed for the age periods of 30-49 and $50 years using an interviewadministered questionnaire (18) . Splitting a typical week into weekdays and weekends, each woman reported the number of hours per week separately for walking and cycling for this period. For exercise, participants were asked to list up to three sports performed during this age period, including type, duration, frequency and number of years. A metabolic equivalent (MET) value was assigned to each reported activity (19, 20) . Leisure-time PA (LPA) in MET hours per week (MET 3 h/week) was calculated by summing the average hours per week spent walking, cycling and engaged in sports, weighted by the appropriate MET values (21) . Since the various components of LPA, i.e. walking, cycling and sports, may be associated with different subject characteristics, we also investigated those activity types separately. As one-third of the study population never engaged in sports since the age of 50 years, and the other participants were mainly little or moderately active, we were interested in examining the determinants of women who engaged in sports compared with those who never engaged in sports. Hence, we created a binary sports variable (active/inactive). The same was applied for cycling (active/inactive). For walking also, we created a binary variable. As nearly all women spent some time in walking during the week, we chose a meaningful cut-off point of 3?5 h/week. This corresponds to half an hour of walking per day. Although time spent with occupational and household PA had also been assessed, investigating determinants for these PA variables would not yield reasonable results for public health recommendations, as there was no sufficient differentiation between tasks with different intensities.
Statistical methods
Associations between the continuous LPA variable and independent variables were assessed with multiple regression models. The dependent variable was log-transformed due to skewness. Collinearity diagnostics indicated no important violations among the variables in our model (all variance inflation factors were ,10). For the binary PA variables multiple logistic regression analyses were used. All independent variables were entered into the logistic regression model simultaneously; thus the effect of a predictor was calculated after statistically controlling for all the others. All P values were two-sided. Analyses were conducted using the SAS statistical software package version 9?1 (SAS Institute Inc., Cary, NC, USA).
As independent variables we investigated the following factors: year of birth (categorised), BMI at the age of 25 , height (#155, .155-165, .165-175, .175 cm), education (basic, advanced, high), current or last occupation (never employed, worker, simple, medium, high employed, self-employed, civil servants), current working hours if ever employed, housework (h/week), marital status (married, widowed, divorced, separated, single), number of live-born children, age at first pregnancy, ever breast-fed, nationality, smoking (never, ex-smoker, current), alcohol (no, 1-18 g/d, $19 g/d) and coexisting diseases. Regarding occupational status, employees, who comprised the majority of women, were further separated into simple employees, who executed tasks upon instruction (such as clerks, typists), medium employees performing more self-dependent tasks (e.g. bookkeeper, technician) and high employees with advanced responsibilities or executive functions (e.g. supervisor, research assistant).
Results
The analyses included 6569 postmenopausal women with a median age of 63 (interquartile range: 59-67) years. The majority were married (65?5 %), parous (84?2 %), had basic education (58?5 %) and were already retired (71?8 %) ( Table 2 ). Their median leisure-time activity since the age of 50 years was 43?6 MET 3 h/week (Table 1) , hereby most time was spent walking (median 6?5 h/week), followed by cycling (1?2 h/week) and rarely spent in sports (0?6 h/week). About one-third of the women were not engaged in any sports since the age of 50 years. There were no strong correlations between the variables sports and cycling (r 5 0?16) or walking (r 5 0?04), nor between cycling and walking (r 5 0?03).
In multiple regression models (Table 2) , increased BMI was significantly associated with decreased LPA, sports and walking activity. With regard to cycling, only obesity (BMI $ 30?0 kg/m 2 ) was associated with decreased activity. Interestingly, independent of BMI, body height was also associated with activity: taller women were more likely to engage in sports than shorter women. Short women also appeared to cycle less but walk more than medium-sized women; yet, there was no association with overall LPA.
Basic educational status was associated with low sports and high cycling activity only when occupational status and working hours were not considered (data not shown). Considering all three variables simultaneously, these associations of education with sports and cycling were less strong and non-significant. Sports was significantly associated with occupation, with civil servants being most likely engaged in any sports, followed by high employees, while simple employees, workers and never employed women were most likely to do no sports. Yet, civil servants and self-employed women were less likely to cycle, especially compared to working women. Selfemployment was also strongly associated with low walking activity, while high employees were most likely to walk $3?5 h/week. In addition, working time was associated with activity, showing less engagement in sports and walking for women working full time. In contrast, increased time spent on housework was associated with higher LPA, dominated by cycling.
For marital status and parity, no associations with overall LPA were found, but parity was positively associated with being engaged in sports and cycling with no difference by the number of live births. For marital status, no association with sports was found, but being widowed, compared to being married, decreased cycling activity. Interestingly, considering marital status without adjustment for parity showed significantly lower likelihoods for activity in singles compared to married women regarding sports (OR 5 0?66) and cycling (OR 50?58). However, including a combined variable into the model showed significantly higher likelihood for activity for parous ever married women compared to nulliparous singles (sports: OR 5 1?49, 95 % CI 1?15, 1?91; cycling: OR 5 1?82, 95 % CI 1?43, 2?32), but there was no difference between singles and ever married nulliparous women (data not shown). Overall, parity seemed to be more relevant than marital status for sports or cycling activity. In contrast, walking activity was not associated with parity but with marital status. Widowed or divorced women were more likely to walk than married women. Among the parous women, however, those with early maternity were more likely to do no sports even at postmenopausal years compared to those women who had children at a later age. Further, parous women who had never breast-fed were significantly less likely to be active in sports or cycling, even adjusted for all other sociodemographic factors.
Non-German nationality was strongly associated with low levels of LPA (P 5 0?01), cycling (OR 5 0?41) and sports (OR 5 0?58) even after adjustment for other sociodemographic factors, but there was no association with walking.
Current smoking was a strongly significant determinant of low levels of activity with respect to all types of PA. Women who reported drinking no alcohol were less active in LPA and sports than women in the highest category.
Results for coexisting diseases, adjusted for all other factors, are shown in Table 3 . Diabetes was associated with less activity for all activity types. Women diagnosed with CVD or hypertension engaged less in LPA, sports and cycling. More sports activity was reported by women with benign breast diseases, myoma and arthritis or rheumatism, less sports by women having any lung disease.
Discussion
Our study of 6569 postmenopausal women in Germany suggests potential target groups that may need particular consideration to promote sports as well as walking and cycling, such as overweight, obese or small women, full-time employees, workers, simple employees, selfemployed or housewives, current smokers, immigrants, Tables 2 and 3 simultaneously. --Percentages based on the whole cohort (n 6569). yLeisure-time PA is calculated as the sum of MET*h/week spent in sports, cycling and walking. ||Linear regression; R 2 5 0?10. Tables 2 and 3 simultaneously. --Percentages based on the whole cohort (n 6569). yLeisure-time PA is calculated as the sum of MET*h/week spent in sports, cycling and walking. ||Linear regression; R 2 5 0?10.
nulliparous women or women with early maternity. Furthermore, women with diabetes, CVD or hypertension were less likely to be physically active, although those women could strongly benefit from PA for the management of their diseases.
Strength and limitations
One strength of our study is the comprehensive assessment of anthropometric, sociodemographic, lifestyle and health-related factors specifically tailored for women. Thus, we assessed the so far rarely investigated determinants that might be important for activity behaviour, specifically in women, such as parity, employment pattern or housework. In contrast to most previous studies, we examined determinants of activity simultaneously, taking potential confounding, interaction and collinearity into account. Furthermore, LPA was assessed in detail, considering different components of activity such as sports, cycling and walking, which provides more differentiated results than most previous studies. Besides sports and exercise, day-to-day walking and cycling can contribute substantially to an active healthy lifestyle. Although overall LPA might be most relevant for health, the results differentiated by type of activity may be of greater value for public health, because they indicate specific domains with need for action. While in some target groups LPA could be (further) enhanced by sports promotion programmes, in other subgroups promoting everyday cycling or walking may be needed. Finally, the behavioural pattern cannot easily be transferred from one country to another. Our study adds to the scarce knowledge on activity determinants in Germany, e.g. providing insight into the activity behaviour related to different occupational patterns, activity behaviours of immigrants and of women with chronic diseases. In particular, this is the first study that evaluated factors associated specifically with walking and cycling in Germany, which are common types of activity, especially in this country. A limitation of our study is the reliance on self-reported recall of PA and the limited evaluation of psychometric properties of the questionnaire. The validity was evaluated by comparison with a distinct questionnaire structured by the intensity of PA. Since the questionnaire aimed to assess PA of the distant past, a validation against activity diaries, accelerometers or doubly labelled water technique was not feasible. We cannot fully exclude the possibility that there might be over-or under-reporting of activities among some population subgroups. However, while the total amount of time spent in LPA might be imprecisely assessed, women likely recalled well whether or not they were engaged in sports or cycling. Hence the binary variables for sports and cycling may be more precise. Further, the considered age period of $50 years covered for some women a wide lifetime period, potentially introducing poor recollection and over-or under-reporting of the true activity levels. These measurement errors might have distorted the true effects towards the null. In addition, the study population may not be fully representative of the German population, since the study participants were recruited as controls in a matched case-control study on breast cancer. In addition, response rates (43?4 %) were low, potentially introducing selection bias. However, it is not an aim of the study to provide prevalence of activity, but rather to investigate factors associated with the given PA pattern. It is unlikely that the observed associations have been substantially affected by a potential selection of women. Nevertheless, our proportion of women who did not engage in any sports (35 %) is similar to results from a population-based health survey in Germany (about 37 %) (8) and another health survey in Baden-Wuerttemberg, Germany (about 37 %) (10) . Thus, the observed skewness in the LPA variable in our study is in accordance with other German data and is explained partly by a high proportion of women inactive with respect to cycling and sports.
Associations between physical activity and different characteristics Consistent with results from other studies (10, 12, 13, 15) , we found an inverse association between BMI and all activity variables, except cycling in which only obese women (BMI $ 30?0 kg/m 2 ) were significantly less engaged. In contrast to previous studies, we were able to consider the typical BMI in premenopausal years, i.e. BMI before the age period for which PA was investigated. A high BMI could be a consequence of a low level of PA. However, obesity in premenopausal years remained a significant determinant for lower LPA in postmenopausal years even after adjustment for LPA in premenopausal years. Hence, being obese may hinder women from being physically active, independent of their activity behaviour in younger years. Some participants reported being ashamed about their appearance, or were afraid of being unable to keep up with others in a sports group as reasons for no engagement in sports. This is in line with a recent study that found that overweight perception may be a barrier to PA participation (22) . As cycling appeared to be as common in overweight women as in normal weight women, campaigns aiming at increasing cycling activity might reach overweight women who do not like to engage in other sports.
Interestingly, body height was an independent determinant for sports activity, with and without (data not shown) adjustment for BMI. Women at #155 cm of height had 49 % higher odds of being inactive than women taller than 175 cm. The majority (77 %) of inactive short women were already not engaged in sports in younger years. Possibly, short women had less feelings of success in sports during adolescence and therefore were less motivated to engage in sports later on. We are not aware of any other study that has investigated body height as a possible determinant of activity behaviour. Taking those results together, one could speculate whether courses explicitly offered for 'beginners', who so far felt not sportive enough to go to a regular sports group, could motivate these women to overcome their inhibitions. As in other studies (8, 10, 13, 14, 23) current smoking was associated with a higher likelihood of having a low level of activity, regarding sports, walking and cycling, as well as overall LPA. Smoking might in part reflect lower health consciousness. Ex-smokers showed similar activity levels to non-smokers for LPA, walking and cycling, but they were more likely to engage in sports than never or current smokers in our study. The effect of smoking was independent of the effect of potentially smoking-related chronic diseases. Nevertheless, it is possible that smoking itself may hinder women from sports, cycling or walking through negative short-term health effects, such as bronchospasm. Physicians may need to intensify promotion of PA in smokers, e.g. by placing them into a walking group.
PA has been related with social status in some, but not all studies (8, 16, 24) . In our study, lower educational status was related with low sport activity. However, after full adjustment, occupational status appeared to be more relevant than educational status. As the German school system for women in the birth cohort that was considered comprised 8-or 9-year elementary school, education does not strongly reflect socio-economic status in these postmenopausal women. Simple employees, workers, never employed women (covering primarily housewives) and women working full time were most likely to do no sports. In contrast, civil servants (primarily teachers) and self-employed women were less likely to cycle compared to the other occupational groups, especially the working women. More domain-and typespecific studies might help to tailor activity-promoting initiatives to specific working situations.
Non-Germans were more likely to be at a low level of PA compared to women with German nationality. It is noteworthy that only 118 women (2 %) reported non-German nationality in our study population, probably due to the restriction conferred by the personal interview in German language. There are likely more immigrants, especially from Eastern Europe, who now have German nationality. Nevertheless, we could identify some differences between the nationalities. Among women from the USA, Northern Europe, Austria or Switzerland (n 45), a high proportion was engaged in sports (73 %), while among women from Southern or Eastern Europe, including women from Turkey and Russia (n 65), only 34 % were engaged in any sports. The proportion of women who usually did not use a bike was very high among women from Southern Europe (86 %), slightly lower among women from the USA or Northern Europe (69 %), followed by Eastern Europe (58 %) and Austria and Switzerland (37 %), which is comparable to German women (42 %). Our results are in line with a study from Sweden that found a higher likelihood for low LPA among immigrants from Southern and Eastern Europe (25) . A study in the USA reported that differences in educational attainment and health status accounted for virtually all of the racial and ethnic differences in LPA (26) . However, our result on non-German nationality persisted even after full adjustment. It may be worth considering how female immigrants, especially from Southern and Eastern Europe, including Turkey and Russia, could be reached by special sports, fitness or walking groups. In regions with larger immigrant communities, courses possibly could be offered in their native language.
Regarding marital status, the results are inconsistent. Some studies found higher activity among unmarried compared to married participants (10, 12, 13) , whereas other studies found lower activity among unmarried women (16, 27) . The present study showed that widowed, separated and divorced women walked the most. The only two studies that investigated determinants for walking yielded similar results (14, 16) . Interestingly, in our study, parity seemed to be more relevant than marital status for sports or cycling activity. Investigations of the influence of the number of children or age at first pregnancy on activity behaviour in later life are scarce. This is somewhat astonishing as children often substantially affect the lifestyle and recreational activities of their parents. To our knowledge, only two studies in younger women considered these aspects (16, 23) . Both studies found that a smaller family size was related to higher activities in sports but fewer activities in the household. In contrast, we studied the long-term effects of parity, showing that later in life nulliparous women were less physically active than parous women. This was seen for singles as well as for ever married women who remained childless. Possibly, parous women were used to a more active life at younger ages, being responsible for children and a larger household, thus continue to be active at older ages through cycling and sports. Our finding that young age at first pregnancy was associated with a lower likelihood of being engaged in sports later in life, may reflect the reluctance to engage in sports in later adulthood when not used to doing sports in younger age, e.g. due to early maternity.
Physical activity and coexisting diseases
Women with previous benign breast disease, myoma or arthritis/rheumatism were slightly more likely to engage in sports. Only one study from China also reported higher sports activities of women following chronic disease diagnosis (16) . Otherwise, our results for medical conditions are in line with the most previous work indicating that poor health status is associated with decreased PA (10, 15, 28) . Our cross-sectional study cannot determine whether poor health resulted in decreased activity or poorer health was the result of previous low activity levels. However, the majority of reported coexisting diseases had been diagnosed several years before the interview, and excluding diagnoses within the previous two years did not change the results substantially. Independently of the other determinants, women with diabetes were more likely at a low activity level for sports, cycling and walking. Women diagnosed with CVD or hypertension engaged less in sports and cycling. Similar results were reported from non-type-specific, cross-sectional studies in the elderly from the UK, Australia, Canada and Greece (13, 15, 29, 30) . Women with a chronic disease reporting never engaging in any sports since the age of 50 years, accordingly did not exercise in the years after diagnosis. Thus, our results indicate that many women diagnosed with hypertension, diabetes or CVD did not engage in exercise post-diagnosis, although it is known that PA is beneficial for disease management. In our study, the diseases themselves have been named by some participants as barriers to being active. It has been considered to be risky to exercise under pre-existing diseases. This indicates that patients may need to be more strongly encouraged by their physicians to engage in adequate exercise in order to achieve the extensive benefits of PA for the management of these diseases (31) . In summary, our study identified a number of individual subject-related factors associated with activity in sports, cycling or walking in women in Germany. Low levels of activity were found for overweight or obese women, fulltime employees, specific occupational groups, current smokers, immigrants, nulliparous women or women who got pregnant already at young age. In addition, women with CVD, hypertension or diabetes appeared to have comparably low levels of activity. Because of high and increasing prevalence of these diseases in the elderly and the corresponding high individual and public health burden, PA should be a major therapeutic strategy for medical care teams. Overall, the present study may have implications for preventive programmes as the results could help to define potential target groups for interventions as well as to specifically tailor PA enhancement programmes to the women's needs or personal situations.
